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Abstract

Around 85% of children ages 0-15 diagnosed with cancer will live at least five years post cancer.
Survivors of childhood cancer are at greater risk for developing obesity-related chronic
conditions and recurring or secondary cancers compared to the general population. Diet and
physical activity have been shown to reduce the risk of obesity and related diseases in both the
general population and cancer survivors. Adolescents are at a unique developmental stage where
they have more control over their own health behaviors, indicating an important time to develop
and maintain healthy behaviors. Patterns of diet and physical activity were analyzed and then
clustered into risk groups. Psychosocial variables were also analyzed based on these risk groups.
The results established associations of gender, radiation, surgery, and late effects with diet and
physical activity behaviors. The latent class analysis revealed two risk groups for each diet and
physical activity, a low and high-risk group. Some associations were found between these risk
groups and fear of cancer recurrence and perceived risk. The results suggest that adolescent
cancer survivors are not meeting their recommended daily servings of fruits and vegetables and
that dietary guidelines specific for young cancer survivors, cancer type, and treatment type are
necessary for this population. The identification of a low versus high-risk group for both diet and
physical activity demonstrate potential factors influencing this like bodily complications and
health knowledge. Fear of cancer recurrence and perceived risk were associated with these risk
groups, which may reveal the potential need for health behavior interventions in this population
to reduce the risk of the onset of cancer and obesity-related chronic conditions.

Keywords: Adolescent cancer survivor; diet; physical activity; health behaviors; risk groups; fear
of cancer recurrence; perceived risk; childhood cancer; radiation; late effects and symptoms
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Introduction
Cancer is the leading cause of death past infancy in children and adolescents in the
United States (NIH, 2021). About 10,470 children ages 0-15 will be diagnosed with cancer and
1,050 will die from cancer in 2022 (American Cancer Society, 2022). However, around 85% of
children diagnosed with cancer will survive at least five years post treatment (American Cancer
Society, 2022). Advanced treatment options and breakthrough research has contributed to a
drastic increase in survival rates over the last few decades.
The extended life span of childhood and adolescent cancer survivors is a result of
incredible progress in science, but there are other implications that stem from this
improvement, including potential late effects, or long-term symptoms and medical conditions,
resulting from cancer and its treatment. Late effects are related to type of cancer, stage of
cancer, and the aggressiveness of treatment. Childhood and adolescent cancer survivors are at a
higher risk of late effects compared to adult cancer survivors because of their unique
developmental stage, both physically and mentally (ACS, 2021). Some late effects include,
fatigue, cardiotoxicities, infertility, organ dysfunction, hearing or vision problems, and
recurring or secondary cancers. Radiation and chemotherapy have been linked to additional
cancers (recurrence or secondary cancers) because of the harsh effects on the developing body
(Carretier et al., 2016; Morton et al., 2014). Along with physical late effects and symptoms,
psychological late effects are also possible among survivors, especially younger cancer
survivors because of their developmental stages of identity, autonomy, and experimentation
(Katzman & John, 2018). Late effects and symptoms of cancer make it even more imperative
that survivors take care of their health, as they may be at increased risk for long term medical
problems due to late effects. Additionally, the experience of cancer can alter physical and
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psychological functioning, potentially increasing the difficulty to participate in health
promoting behaviors and increasing the importance of engaging in such behaviors, like
physical activity and eating a nutritious diet.
Obesity is a major public health concern in “healthy” children and adolescents in the
United States, with 18.5% of those ages 2 to 19 being obese (Hales, 2017). There are several risk
factors that contribute to the obesity epidemic, including both diet and physical activity. In the
general population, there are both short and long term effects of obesity in childhood and
adolescence, including type II diabetes, cardiovascular disease (CVD), cancer, and early
mortality (Lee & Yoon, 2018). Although there is an increased prevalence of obesity in the
general population of adolescents, there is a subpopulation of adolescent cancer survivors that
are at an increased risk for obesity and comorbid conditions. Adolescent and young adult cancer
survivors are seven times more likely to die from CVD compared to the general population
(Armstrong et al., 2009). Health promoting behaviors, such as adequate nutrition and regular
physical activity have been linked to lower risk of mortality in the general population (Loef &
Walach, 2012). The effects of cancer and treatment on an adolescent’s body can be harsh, with
lots of fatigue, pain, and psychological distress (Stroske et al., 2021). The physical and mental
outcomes of surviving childhood or adolescent cancer can make it increasingly difficult for this
population to partake in nutritious eating habits and exercise. However, there are guidelines and
recommendations for adolescent cancer survivors in regards to sufficient health behaviors to
promote a healthy lifestyle because of their increased risk of recurring or secondary cancer
development (Casillas et al., 2015). Cancer survivors are at a higher risk of developing comorbid
conditions compared to age-matched peers, such as cardiovascular disease, diabetes,
osteoporosis, high cholesterol, and high blood pressure even when lifestyle behaviors, especially
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diet and physical activity, are similar (Berry et al., 2014). Health promoting behaviors are even
more imperative in adolescent cancer survivors to reduce the risk of chronic or comorbid
conditions as compared to the general population.
Although research has shown that diet and physical activity (PA) reduce the risk of
obesity and other chronic conditions, there are potential obstacles that are unique to cancer
survivors. Cancer and treatment type can have an impact on physical functioning, pain, organ
dysfunction, metabolic functioning, and fatigue (Antwi et al., 2019). The type and stage of
cancer can have harsh negative effects on one’s level of functioning. Additionally, the treatment
for specific kinds of cancer can have detrimental and debilitating consequences on the body. For
example, lymphoma and tumors of the central nervous system have been connected to
developing metabolic syndromes because of how these cancers affect the body and the
aggressive treatment of these cancers (Talvensaari et al., 1996). Radiation and chemotherapy can
produce disturbing levels of toxicities in the body, resulting in organ dysfunction and other
health issues. Also, surgery, including resections and amputations can leave survivors with
increased pain and bodily complications (Antwi et al., 2019), further making engaging in
physical activity more complicated. Another factor that may play a role in adolescent survivors’
engagement in diet and physical activity is the role of parental involvement.
Some studies have suggested that parents of pediatric and adolescent cancer survivors
may spoil their child, including increases in junk food consumption and decreased vegetable and
fruit intake (Raber et al., 2016). Parents are more likely to be overprotective of their child
because they view them as sick and disadvantaged, which may result in unhealthier diet choices
and protecting them from engaging in physical activities that they deem unsafe for a sick child
(Raber et al., 2016; Wakefield et al., 2011). These factors may set the stage for unhealthy
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lifelong behaviors. Adolescence is a period of time when more individualized health behaviors
are established, like substance use, physical activity, and diet choices (Halfon & Hochstein,
2002). Healthy behaviors are important to establish earlier in life to prevent the onset of chronic
diseases later in life.
Adolescents who have higher expectations for their future have shown to partake in
healthier behaviors, such as more physical activity, less fast food intake, and less substance use
compared to adolescents who had lower expectations for their future (McDade et al., 2011).
Those who foresee the potential of developing age-related chronic illnesses and living a long life
are more likely to participate in healthy behaviors starting in adolescence and continuing these
behaviors throughout their lives (McDade et al., 2011). Another variable that has been shown to
have a relationship with diet and physical activity is gender. Across survivorship studies,
multiple gender differences have emerged suggesting that there are variations in health behaviors
between male and female adolescent cancer survivors. Females reported lower physical
functioning than male survivors, have been shown to be more health-conscious, and are more
interested in dietary interventions (Badr et al., 2013; Stroske et al., 2021). Health knowledge in
this population of young survivors has also been shown to play a role in participating in healthpromoting behaviors, like diet and exercise. Health knowledge refers to how much one knows
about their cancer journey, relevant information that health professionals have given them to
encourage a healthy lifestyle post cancer, and what one knows about how much they can impact
their health with the activities they choose to engage in. Age is also an important factor when
considering health knowledge because these adolescents have less years of understanding health,
unlike for adult cancer survivors.
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Adolescents are at a unique developmental stage where many internal and external
factors may impact behaviors. Adolescence is marked by the transitioning into adulthood and
bodily changes are rapidly occurring, like hormonal changes, heart and lungs increase in size,
bones and muscles grow, and body mass increases (Susman & Rogol, 2004). A nutritious diet
and adequate physical activity promote this healthy growth and is especially important in this
population of cancer survivors because of the detrimental effects cancer and treatment have on
the body. Although modern medicine and treatment options have improved effectiveness and
safety over the last few decades, the toxicities from chemotherapy and radiation continue to
affect the neurological, reproductive, and endocrine systems after treatment (Robison & Hudson,
2014). Research has repeatedly shown the physical benefits of a healthy diet and physical
activity (Zhang et al., 2017).
Adolescence is also a time of transition, finding one’s identity and independence. Cancer
takes a toll on one physically, but also psychologically because of the isolation, worry, late
effects and symptoms, and differences in lifestyles compared to peers (Quinn et al., 2015;
Stroske et al., 2021). Unlike adult cancer survivors, adolescents are at a stage where
experimentation and socialization are contributing factors to engaging in certain behaviors, like
alcohol use, drug, use, tobacco use, physical activity, and diet. Health-compromising behaviors
have greater effects on cancer survivor’s bodies, increasing the risk for other comorbid
conditions compared to the general population (Cortés-Ibáñez et al., 2020). This disparity may
have psychological effects on how and why adolescents partake in these behaviors, their beliefs
on the effects of these health behaviors on the impact of recurring, secondary cancer, or other
comorbid conditions, and other possible external factors that impact these decisions. This
population is characterized by the uncertainty of the future due to their young age, but the
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consequence of surviving cancer creates barriers, both physically and psychologically, that are
unique to adolescent cancer survivors and not their age-matched peers.
Diet and physical activity are health behaviors that are often overlapping and inter-related
constructs. A nutritious diet and regular exercise has been shown to reduce the risk of obesity,
cardiovascular disease, diabetes, osteoporosis, secondary or recurring cancer, and early mortality
in the general population and in cancer survivors (Mozaffarian et al., 2012; Zhang et al., 2017).
For this reason, it is important to identify relationships that both diet and physical activity have
with medical and psychosocial variables to understand potential barriers, possible improvements,
and similarities and differences between individuals. Health behaviors are not always isolated
behaviors but co-occur with one another. Identifying patterns relevant to certain health
behaviors, like alcohol use, drug use, tobacco use, sun exposure, diet, and physical activity
allows for adequate interventions to be created that are targeted at those who partake in multiple
health-compromising behaviors.
Research has shown the benefits of clustering health behaviors by identifying patterns of
sociodemographic, medical, and psychosocial variables and creating risk groups that vary from
one another based on these variables (Pinto et al., 2020; Rebholz et al., 2012; Schnoll & Harlow,
2001). There has been no universal approach to forming risk groups, in terms of which health
behaviors are being assessed, which variables are helping cluster, and what outcomes are being
measured. However, this research is compelling in that there are group differences that have been
found among each approach, suggesting that there is a significant relationship between multiple
health behaviors (Pinto et al., 2020; Rebholz et al., 2012; Schnoll & Harlow, 2001). Diet and
physical activity go hand in hand and clustering these health behaviors is advantageous to
understanding the patterns of adolescent cancer survivors that are at high risk and low risk for
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both psychosocial and long-term health conditions. Interventions that are targeted at multiple
health-declining behaviors can reduce the engagement of all these behaviors, unlike interventions
that are only targeted at one specific health behavior, which will likely only decrease that
particular behavior (Prochaska, 2008). Adolescence is a developmental stage where teenagers are
creating their own lifestyles apart from their families, which is why it is an imperative turning
point for proper education focused on these health-promoting behaviors, especially among
cancer survivors.
Mental health and health behaviors have also been shown to have a relationship, where
patterns of poorer mental health has been associated with partaking in increased healthcompromising behaviors (Rougeaux et al., 2020). Increased physical activity has been linked to
less mental health care visits in adolescents. Additional research has demonstrated, among
healthy boys, a stronger correlation between increased physical activity with fewer mental health
visits (Loewen et al., 2019). Loewen et al. (2019) also observed that in the follow-up care period,
boys had significantly more mental health care visits compared to girls and boys were more
likely to have externalizing disorders (ADHD, hyperkinetic syndrome, and hyperkinetic conduct
disorder) as has been seen in previous research. A poorer diet has been linked to poorer mental
health, such as symptoms of depression and anxiety. However, literature on diet and mental
health in children and adolescents has been insufficient at determining the directionality of these
two constructs (O’Neil et al., 2014). Different food molecules affect biological processes and
therefore do have an impact on mental health, specifically depression, but research has not
shown sufficient evidence on the exact mechanisms and direction of this relationship (O’Neil et
al., 2014).
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Cancer survivors are a vulnerable population where their bodies have been affected by
the cancer and subsequent treatment, so determining diet and physical activity patterns in this
group will be beneficial to understand not only the long-term physical risks and consequences,
but potentially some of their overall mental health functioning as well. Some psychosocial
variables are unique to cancer survivors because of their health experiences. Some of these
include fear of cancer recurrence, cancer worry, perceived risk, and coping strategies. As stated
previously, adolescence is a transformative period where identity and autonomy are developing,
making it increasingly important for determining the relevance of these psychosocial factors in
relation to their cancer journey compared to adult survivors (Quinn et al., 2015). Several studies
have implemented different assessments to measure many psychosocial factors. One measure
that has been used is the Health Related Quality of Life (HRQOL) questionnaire in the
adolescent population. Overall HRQOL scores have been shown to reflect quality of life
disparities among adolescent cancer survivors and the general population, as well as, among
different types of cancer survivors (Badr et al., 2013; Murnane et al., 2021; Quinn et al., 2015).
Quinn et al. (2015) observed that adolescents and young adult survivors reported a lower quality
of life compared to their age-matched peers and adult cancer survivors, which may reflect the
lack of information provided to these survivors about long-term effects and support options.
Some psychosocial variables have been suggested to have a relationship with health
behaviors, but there are mixed results from these studies. The effects of cancer and treatment
impact one physically and mentally, influencing some psychosocial variables, like fear of
recurrence, cancer worry, perceived risk, and coping strategies. Fear of cancer recurrence (FCR)
and cancer worry often go hand in hand because they are both related to anxiety about cancer.
Fear of recurrence and cancer worry have been found to have a relationship with health
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behaviors, but not necessarily in a linear fashion (Bowen et al., 2004; Reed et al., 2020). Reed
and colleagues (2020) found that cancer survivors with high FCR were twice as likely to smoke
compared to those with no FCR. However, cancer survivors with any level of FCR disclosed
healthier habits since diagnosis. As well, Bowen and colleagues (2004) found that breast cancer
survivors with higher cancer worry were more likely to go for their breast cancer screening and
mammograms. These studies did not include adolescent cancer survivors, but it has been shown
that highly distressed adolescent and young adult (AYA) survivors are less likely to be
physically active and eat a nutritious diet compared to the lower distressed AYA survivors
(Stroske et al., 2021). There have been varying results as to whether FCR and cancer worry play
a role in physical activity and diet, but there is not an adequate amount of evidence in this
adolescent cancer population to draw that conclusion.
Although adolescent cancer survivors are at a greater risk of comorbid conditions
throughout their lives compared to adult survivors, the relationship between perceived risk of
cancer recurring or being diagnosed with a second cancer and the risk of engaging in certain
health behaviors has been found to vary in adolescent survivors. Perceived risk refers to the
perception of one’s health and the beliefs they hold about developing recurring or new conditions
related to cancer (or a second cancer). Perceived risk can also indicate how these survivors
believe certain health behaviors affect their health and the onset of cancer and other comorbid
conditions. There seems to be a correlation between the number of cancer-related health
conditions with perceived health in adolescent survivors of pediatric cancer (Kazak et al., 2010;
Young-Speirs et al., 2021). Poorer perceived health based on the number of health conditions,
pain, and activity level one has may impact both physical and psychological well-being (Kazak
et al., 2010; Young-Speirs et al., 2021). Pain and physical activity have been linked to perception
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of health, with the greater amount of reported pain, the lower perception of health one has, while
increased physical activity has been linked to a greater perception of health (Young-Speirs et al.,
2021). As well, adult survivors of childhood cancer did not significantly differ in their perceived
risk of developing cancer or other late effects compared to the controls, their siblings, even the
survivors at the highest risk (Gibson et al., 2018). Gibson et al. (2018) suggests that this may be
due to the lack of information provided to these survivors about increased risk of recurring
cancer or other comorbid conditions post cancer that is due to the cancer and aggressive
treatment effects on the body.
Type of cancer has also been connected to the impact on everyday behaviors in adult
cancer survivors, with CNS tumor survivors reporting a negative impact and survivors of
leukemia or lymphoma reporting a positive impact on their level of daily functioning (Willard et
al., 2017). There is a lack of literature on the perception of risk in adolescents on the impact of
both diet and physical activity. Although the adult data is beneficial to understanding similar
patterns in adolescents, these age groups are at different points in life, where behaviors are not as
set as stone in the adolescent population and post cancer knowledge that has been provided to
them may be fresher in their minds compared to adult survivors.
Lastly, coping strategies among adolescent cancer survivors may be an important
psychosocial variable to study, because of the connection it has with posttraumatic growth and
psychological distress (Turner-Sack et al., 2012). Posttraumatic growth is the shift to a positive
psychological outlook on life after cancer, while psychological distress refers to the negative
impact of cancer on one’s life, both regarding relationships, responsibilities, and overall wellbeing. People have many different responses to trauma; some may grow from the experience,
and some may have debilitating consequences from the experience. Cancer can be a traumatic
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experience especially for children and adolescents and how these individuals choose to cope with
their journey is telling of the amount of posttraumatic growth. Missing out on activities that peers
are partaking in, the harsh effects of treatment on one’s body, late effects or symptoms, or the
uncertainty of recurring cancer or developing secondary cancer can be difficult to cope with,
especially at a young transformative stage of life (Wenninger et al., 2013). There are several
types of coping strategy categories including both positive and negative strategies like, avoidant
coping, adaptive coping, spiritual coping, and emotion-focused coping. Maladaptive coping
strategies have been linked to higher levels of anxiety and depression in AYA survivors, which
can implicate one’s mental health and their health behaviors (Sira et al., 2020). Many studies
conclude varying results in the frequency of certain coping strategies and the demographic
variables that may affect these strategies in these adolescent cancer survivors. There seem to be
possible gender, age of diagnosis and age since the end of treatment, parental care, spirituality,
and level of psychological distress differences in types of coping strategies (Sira et al., 2020;
Turner-Sack et al., 2012; Wenninger et al., 2013), but there seems to be a lack of a complete
understanding of short and long-term coping strategies across studies. Cancer experience has
also been shown to be a relevant point of coping strategies for adolescent cancer survivors and
how they cope post-cancer. Many AYA cancer survivors use the “here and now” coping strategy
to focus on the place that they are at with a positive mindset (Belpame et al., 2021). Belpame and
colleagues (2021) suggest that many of the positive and healthy coping strategies are learned
through one’s cancer experience and are helpful later when assimilating into ‘normal’ life and
face challenges with late effects or problems that are typical of adolescents and young adults.
Cancer experiences with healthcare professionals and one’s parents or support system
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contributes to how one copes with that experience and the implementation of these strategies
after cancer (Belpame et al., 2021; Sira et al., 2020).
There is a lack of literature on the relationship between health behaviors, specifically diet
and physical activity, and coping strategies in adolescent cancer survivors. However, there is
literature on the relationship between physical activity, diet, and coping strategies in the general
population of “healthy” adolescents. The literature suggests that physical activity is inversely
correlated with stress levels and mental health symptoms, such as depression (Dahlstrand et al.,
2021). Physical activity assists in reducing stress and psychosomatic symptoms in adolescents
regardless of the intensity of the exercise (Dahlstrand et al., 2021). As well, research has shown
that there is an interaction between childhood adversity and negative affect in the
overconsumption of calories in female adolescents, with those who faced more adversity in
childhood consumed more calories and fats in response to their negative affect compared to the
adolescents who faced minimal childhood adversity (Kazmierski et al., 2022). It is also evident
that stress-related eating is correlated with obesity and this behavior is more prevalent in girls
than in boys (Jääskeläinen et al., 2014). Adolescent cancer survivors have endured adversity and
many of them live with late effects and symptoms that may add stress to their lives, which is why
these patterns of physical activity and diet in the general population of adolescents are relevant to
adolescent cancer survivors who face similar and potentially even more life stressors. How one
views their own health and their way to cope with their cancer journey may have a relationship
with the kinds of health behaviors they partake in that impact their future health outcomes.
Diet and physical activity are health-promoting behaviors that reduce the chances of the
onset of chronic diseases and cancer in both the general population and cancer survivors (Berry
et al., 2014; Lee & Yoon, 2018). Cancer can be a transformative point in one’s life, especially for
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childhood and adolescent survivors who may live with physical and psychological late effects
and symptoms for the rest of their lives. There is a lack of a full understanding of the relationship
between medical and sociodemographic variables with both diet and physical activity in
adolescent cancer survivors. It is necessary to explain this relationship to be able to define
barriers and incentives to partaking in these health-promoting behaviors. Some psychosocial
variables have been studied in cancer survivors, such as FCR, cancer worry, perceived risk, and
coping strategies. There is some research that discusses how some of these variables play a role
in mental health, health behaviors, and overall well-being, but there is limited data of these
variables in adolescent cancer survivors. Research has shown the benefits of physical activity
and diet on one’s mental health in the general population, but there is not an adequate amount of
understanding of this unique relationship in adolescent cancer survivors (Dahlstrand et al., 2021;
Kazmierski et al., 2022). It is essential that we better understand patterns of diet and physical
activity in this population and how psychosocial variables contribute to partaking in these healthpromoting behaviors because of the effects cancer has on these survivors’ bodies and minds. A
more coherent interpretation of these relationships will allow for proper interventions to be
created and implemented to contribute to adolescent cancer survivors living longer, healthier,
and more fulfilled lives.
Given this, the aims of this study are as follows:
1. To describe the pattern of diet and physical activity in a group of adolescent cancer
survivors.
2. To examine whether sociodemographic and medical are associated with diet and physical
activity.
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3. To calculate risk groups based on diet and physical activity patterns and look for
associations with psychosocial variables (fear of recurrence, cancer worry, coping
strategies, and perceived risk).

Methods
Participants
Study participants were adolescent cancer survivors who received primary cancer
treatment and/or follow-up care at Memorial Sloan Kettering Cancer Center’s (MSKCC)
Department of Pediatrics. To be eligible for this study, participants had to be between the ages of
14 and 21 at the time of the study, had been diagnosed with cancer between ages 8 and 14, were
at least 12 months post-treatment, had no evidence of active disease, could be reached by mail or
phone, and were fluent in English. Consent from participants aged 18 or older was received
directly from participants and parental consent and participant assent was obtained for
participants under the age of 18. All study procedures and data collection were approved and
overseen by Memorial Sloan Kettering Cancer Center’s (MSKCC) Institutional Review Board.
Study personnel reached out to 250 potentially eligible individuals for recruitment. An
introductory letter describing the study and a written consent form was mailed to potential
participants and study staff followed-up within a couple weeks with a phone call to further
describe the study, answer any questions, invite the eligible participants to participate in this
study, and to obtain verbal consent. Of the 250 adolescents, 54 did not respond, 27 refused, and
41 had inaccurate contact information and were not able to be reached (10.8% active refusal rate
and an overall 51.2% participation rate). The final sample size was 128 participants.
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Data Collection
Participants completed the self-reported assessment questionnaires by telephone or mail,
collecting medical history, health behaviors, fear of cancer recurrence, cancer worry, perceived
risk, and coping strategies. Participants had the option to complete the questionnaire on their own
via mailed survey instead of over the phone. Interviewers had no clinical relationship to
participants to minimize reporting bias. Participants were assured that their responses would be
kept confidential and would not be shared with parents or providers.

Outcomes
Diet/Nutrition. Current diet/nutrition intake and physical activity were assessed through
previously validated questions adopted from the Youth Risk Behavior Surveillance System-High
School Questionnaire (YRBSS). Food intake was evaluated over the past seven days, including
fruit, juice, green salad, potatoes, carrots, vegetables, and milk consumption. Additional
questions assessed fat intake, weight, goals of losing weight or maintaining weight over the last
30 days, and junk food and fast food consumption over the last 30 days. The last few questions
asked participants to complete which family members living with them and friends eat a low-fat
diet. All the questions in this section included a forced-answer choice. These choices ranged
from number of days, type of diet, weight goals, number of friends, and yes or no depending on
the question.
Physical Activity. Participants had to assess how many hours and days they participated
in several physical activities (PA) over the past 7 days. The physical activity questions ranged
from vigorous PA (running, swimming), moderate PA (walking, pushing a lawnmower), and
strength PA (weightlifting). The next set of questions assessed how many hours and days
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participants spend time in leisurely activities, such as, watching television, going on the internet,
and playing video games. Additional questions asked about physical education class,
participation on sports teams, typical physical activity patterns, and if participants exercised to
lose or maintain weight over the past 30 days. The last few questions asked participants to
complete which family members living with them and friends partake in regular exercise. All the
questions in this section included a forced-answer choice. These choices ranged from number of
minutes, hours, or days, types of sports, yes or no, number of friends, and exercise patterns.

Clustering groups
Patterns of both diet and physical activity were analyzed in latent class analysis (LCA) to
determine how to best classify these behaviors into groups. LCA is a statistical method to cluster
groups based on similar characteristics from a sample when these characteristics are not directly
observable. The questions that were included in this analysis were all the diet questions that
asked how often the participant ate or drank certain foods and drinks, like salad, juice, milk,
carrots, potatoes, other vegetables, and fruit. Diet questions that asked about typical diet and
describing one’s weight were also added. The physical activity questions included how often in a
week participants took part in physical activity for at least 20 minutes in which they were
breathing hard and sweating, at least 30 minutes of exercise that did not make them breathe hard
or sweat, toned or strengthened their muscles, how many hours they watched tv, played
videogames, and spent time on the internet. The number of sports teams the participants played
on in the last year were also included. These questions represented the most typical pattern of
participants’ diet and PA, while the questions that would not have been able to differentiate
patterns or the questions that did not have sufficient data were excluded from this analysis.
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Covariates
Fear of cancer recurrence was measured with the fear of recurrence questionnaire
(FRQ). The FRQ contains 22-items and assesses fear of cancer recurrence (Cronbach’s alpha=
0.92). This questionnaire utilizes a 5-point Likert scale from “Strongly Agree” to “Strongly
Disagree” with items averaged to one score. Higher scores reflect greater fear of recurrence.
Cancer Worry was evaluated with the impact of events scale-revised (IES-R), which is a
15-item questionnaire to assess intrusive and avoidant thoughts about cancer recurrence
(Cronbach’s alpha= -0.91). Although this questionnaire was initially developed to measure
trauma, it has been adapted to measure the impact of cancer (avoidance subscale: Cronbach’s
alpha= 0.77, intrusion subscale: Cronbach’s alpha= 0.72) (Mystakidou et al., 2007). This
questionnaire utilizes a one to four response scale, ranging from “Not at all” to “Often”. These
items were averaged and converted to one score with higher scores indicating greater cancer
worry. Avoidant and intrusive subscale scores were also averaged.
Perceived Risk evaluated participants’ perceived risk of developing other serious health
problems compared to others their age and sex with one item using a five-point Likert scale.
Higher scores reflect a greater perceived risk.
Coping Strategies evaluated how participants cope with their health experiences utilizing
the Adolescent Coping Orientation for Problem Experiences (A-COPE). This questionnaire
consists of 54-items with a five-point Likert scale, ranging from “Never” to “Most of the time”.
This measure consists of 12 coping patterns, each with several items related to their designated
pattern and have shown consistent moderate reliability ranging from alpha=0.50 to alpha=0.76
(Patterson & McCubbin, 1987). Higher scores of specific coping patterns indicate a greater
utilization of these coping strategies.
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Sociodemographic variables and medical history
Participants reported standard sociodemographic variables and medical characteristics and their
medical charts were reviewed.

Analysis plan
The statistical analysis was executed in both the statistical packages SPSS 28 and RStudio.
Frequencies of responses for the sociodemographic and medical variables were calculated.
Frequencies for the responses for the diet and physical activity questionnaires were also
calculated. The scores from the A-COPE, IES-R, and perceived risk questionnaires were
calculated into their subscales to determine scores on characteristics relevant to the specific
measure. The mean and total scores for the measure FRQ were also calculated. Chi square of
independence tests were run in SPSS 28 to analyze associations between the sociodemographic
and medical variables and the diet and physical activity questions. Significance tests were used
to determine if there was an association between these variables.
The next step of the analysis was to cluster the diet and physical activity questions to
create classes that represent patterns of health behaviors in this population. Latent class analysis
was performed in RStudio using the diet and physical activity questions that described patterns
of healthy and unhealthy eating and physical activity behaviors. LCA has been used in previous
research to cluster health behavior variables in order to distinguish subpopulations that cannot be
directly observed (Rebholz et al., 2012). The questions that asked about family members who eat
low fat diets or exercise regularly and if they live with the participant were excluded due to the
lack of sufficient data. Several model approaches were tested here, looking at if clustering both
diet and physical activity together best represented the sample or if clustering each separately
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worked best. The next step was to analyze how many classes would fit best for this data. Once
the best fit model of this data was determined, latent class regression (LCR) was implemented to
understand the association between the clustered groups and the psychosocial variables (fear of
cancer recurrence, cancer worry, perceived risk, and coping strategies). LCR allowed us to
examine the influence of covariates on the probabilities of class membership from this LCA
through a regression analysis (Harel et al., 2013). The psychosocial variables were scored
depending on the scoring criteria for the specific measure. The fear of cancer recurrence
questionnaire (FRQ) was scored by the total and by the mean of the scores. Cancer worry (IESR) were scored based on intrusiveness, avoidance, and total score. Perceived risk was scored
based on subscales of specific risks, risk for secondary malignancies, risk for cardiac problems,
risk for pulmonary issues, and risk for fertility complications. Coping strategies (A-COPE) was
scored based on the 12 subscales of coping strategies. These subscales included, ventilating
feelings, seeking diversions, developing self-reliance and optimism, developing social support,
solving family problems, avoiding problems, seeking spiritual support, investing in close friends,
seeking professional support, engaging in demanding activity, and being humorous. These
variables acted as covariates in this analysis to determine the relationship between them and the
clustered groups.

Results
Sociodemographic and medical variables descriptive data
One-hundred and twenty-eight participants completed the questionnaire and were used in
the analysis. The mean age at the time of the study was 16.93 with ages ranging from 14 to 21
years old. There were 67 females (52.3%) and 61 males (47.7%) with 104 participants being
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white (81.9%), seven black (5.5%), six Asian (4.7%), and 10 other (7.9%). Most (n=120; 97.6%)
participants had health insurance with only three (2.5%) participants who did not have health
insurance. Type of cancer disease diagnosis varied, but the most common were Hodgkin’s
lymphoma (n=15, 12.3%), Ewing’s sarcoma (n=12, 9.8%), and Osteosarcoma (n=11, 9.0%).
Ninety-seven (77.0%) participants received chemotherapy and 29 (23.0%) did not. Sixty-two
(49.6%) participants reported that they received radiation and 63 (50.4%) did not. The body parts
that received radiation also ranged, but the most common areas were the back, spine, or neck
(n=24, 30.4%) and the brain or head (n=15, 19.0%). Most (n=123; 96.1%) survivors reported
having surgery with only five (3.9%) reported not having surgery. Sixty-six (54.1%) participants
reported having lasting symptoms and effects, while 56 (45.9%) reported having no lasting
effects or symptoms. Thirty-eight (29.7%) survivors rated their current health as ‘excellent’, 58
(45.3%) rated ‘very good’, 27 (21.1%) rated ‘good’, 5 (3.9%) ‘fair’, and none rated their health
as ‘poor’. Most participants saw a physician in the last year when they were not sick (n=100,
80.6%) and most participants had been to a survivors’ clinic (n=109, 85.2%). Sixty-six (56.9%)
participants had received mental health care (psychologist, counselor, social worker, or
psychiatrist). Almost half (49.2%) of the survivors who had seen a mental health specialist
reported receiving this care after treatment. Many also sought out mental health care during
treatment (n=20, 33.9%). A full listing of the study’s sociodemographic and medical variables
can be found in Table 1.

Diet and physical activity
The diet and physical activity questions from the study questionnaire adopted from the
YRBSS were analyzed to describe the pattern of behavior in this sample of adolescent cancer
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survivors. Table 2 exhibits the patterns of diet and physical activity of this sample. Chi square
tests of independence were used to assess associations of diet and physical activity with the
sociodemographic and medical variables. The data analysis revealed several significant findings
of associations between these variables. Gender was significantly associated with whether
participants ate low calorie and low-fat foods to lose weight or keep from gaining weight,
indicating there were more boys than girls that were not trying to lose or keep from gaining
weight, but of those that did, there were more girls who wanted to lose or keep from gaining
weight, X2(1, N=128) =9.48, p=.002. Females had more friends that eat low-fat diets compared
to males in the study and more than half of the males had friends that did not eat low-fat diets,
X2(1, N=125) =4.66, p=.031. Most of the males did not exercise to lose or keep from gaining
weight and more males than females did not exercise to lose or keep from gaining weight, X2(1,
N=126) =7.20, p=.007. Girls in the study reported that they mostly exercised alone in the past 30
days, while boys mostly exercised with others, X2(2, N=112) =10.79, p=.005. Self-reported
chemotherapy was only significantly associated with juice intake with the most participants who
received chemo drinking juice 1 to 3 times per week, they did not drink juice in the last week, or
they drank juice 1 time per day, X2(6, N=126) =13.68, p=.033. The participants who did not have
radiation therapy were more likely to want to lose weight, while those who received radiation
therapy had several different weight goals, but there were more participants who did not want to
do anything about their weight, X2(3, N=125) =14.00, p=.003. More participants who received
radiation (vs. those who did not) reported eating a medium fat diet compared to either a low or
high-fat diet, X2(2, N=120) =6.97, p=0.031. Most participants reported not eating fewer calories
or foods low in fat to lose or keep from gaining weight, but there were significantly more
participants who received radiation that were not trying to lose or keep from gaining weight
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through their food consumption, X2(1, N=125) =4.26, p=.039. About half of the participants who
received radiation did not tone or strengthen their muscles in the past week, while the
participants who did not have radiation varied from 0 days to 7 days of toning or strengthening
muscles in the past week, X2(7, N=121) =16.68, p=0.020. The participants that received radiation
mostly did not exercise to lose or keep from gaining weight, while those who did not receive
radiation were relatively evenly dispersed between exercising to lose or keep from gaining
weight and not trying to lose weight or keep from gaining weight through exercise, X2(1, N=123)
=11.56, p<.001. The participants who reported having surgery described their weight to be about
the right weight, some reported slightly overweight, X2(4, N=128) =13.01, p=.011. A significant
number of those who received surgery reported eating salad 1 to 3 times per week (n=57, 46.7%)
or did not eat salad in the past week (n=25, 20.5%), X2(6, N=127) =37.25, p<0.001. There was a
significant number of participants who reported having surgery who did not tone or strengthen
their muscles at all in the past week (n=43, 36.13%), x2(7, N=124) =17.34, p=0.015. Most of the
participants who have lasting effects reported being about the right weight, some reported being
slightly overweight, X2(8, N=128) =23.50, p=0.003. More participants who have lasting effects
reported eating fruit 1 to 3 times in the past week, but some reported eating fruit 4 to 6 times in
the past week or 1 time per day in the past week, X2(12, 126) =23.00, p=0.028. Many of the
survivors who have lasting effects reported that they have 10 close friends that exercise
regularly, X2(20, N=118) =33.08, p=0.033. Participants who rated their current health as
excellent, very good, and good were more likely to eat junk food or fast food mainly when they
are with people rather than alone, X2(6, N=107) =13.43, p=0.037. Most of the participants who
had a physical exam when they were not sick less than a year ago had no friends that ate a lowfat diet, X2(32, N=117) =91.47, p<0.001. Lastly, survivors who saw a mental health care
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specialist mostly had best friends that do not eat a low-fat diet, as well as those who did not
receive mental health care similarly had best friends who do not eat a low-fat diet, X2(2, N=121)
=8.74, p=0.013.

Health behavior clusters
LCA was conducted in RStudio to determine how many classes best fit this data. Several
different models were fitted, 2 and 3 classes for each diet and physical activity questions
separately and 2 and 3 classes for diet and physical activity together. The Bayesian information
criterion (BIC) was used to identify the best model fit for this data. The BIC indicated that the 2class model for diet and physical activity separately fit the data the best with the BIC being
3262.43 for diet and 3144.02 for physical activity. Two clustered groups emerged, a high-risk
and low-risk group. These clusters revealed the probabilities of participants fitting into the
spectrum of answers in each variable. The diet low-risk group is characterized by moderate
100% fruit juice consumption (not including Kool-Aid, sports drinks, or fruit-flavored drinks),
greater fruit and vegetable (salad, carrots, other vegetables) intake, mainly eating potatoes 1 to 3
times per week potatoes (not including french fries, fried potatoes, or potato chips), greater milk
consumption through the day and week, more likely to have low or medium-fat diets, and tended
to be about the right weight, slightly underweight, and slightly overweight. The high-risk group
for diet is characterized by no 100% fruit juice consumption or excess juice consumption, less
fruit and vegetable intake over the past week, more likely not to eat potatoes, more likely to
drink milk 1 to 3 times a week, more likely to have a medium or high-fat diet, and more likely to
be about the right weight, slightly underweight, or slightly overweight. The share of observations
in the diet classes are 68.73% in the low-risk group and 31.27% in the high-risk group. The
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predicted class membership for the low-risk group is 70.25% and 29.75% for the high-risk
group. The physical activity cluster groups also indicated both a high-risk and low-risk group.
The high-risk group is defined by fewer days exercising for at least 20 minutes that make them
breathe hard and sweat (soccer, running, swimming), fewer days partaking in exercise for at least
30 minutes that does not make them breathe or sweat hard (fast walking, skating, pushing a lawn
mower), fewer days exercising to strengthen or tone muscles, more hours watching tv, more
hours on the internet, more days playing videogames, and played fewer sports. The low-risk
group is defined by a greater number of days exercising for at least 20 minutes that make them
breathe hard and sweat, greater number of days exercising for at least 30 minutes that does not
make them breathe hard or sweat, greater number of days toning or strengthening muscles, spent
less time watching tv, less time on the internet, less time playing videogames, and played a
greater number of sports. The share of observations for the high-risk group is 59.32% and
40.68% for the low-risk group. The predicted class membership for the high-risk group is
58.82% and 41.18% for the low-risk group. The probability of class memberships is displayed in
Table 4.

Latent class regression
After analyzing these clusters, LCR was performed to determine the association between these
clusters and the psychosocial variables. The analysis indicated that those in the diet low-risk
group perceived greater risk for a second malignancy (coefficient= -0.796) compared to the diet
high-risk group. Those in the diet low-risk group perceived less risk for cardiac issues
(coefficient= 1.145) compared to the high-risk group. Those in the diet low-risk group were more
fearful of cancer recurrence (coefficient= -0.457) than the high-risk group. The diet high-risk
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group was slightly more likely to invest in close friends (coefficient= 0.208) than the low-risk
group. The findings from the physical activity classes indicated that those in the high-risk group
perceived greater risk for cardiac problem (coefficient= 0.547) than the low-risk group and the
low-risk group perceived greater risk for pulmonary issues (coefficient= -0.675) compared to the
high-risk group. The high-risk group perceived less risk for fertility problems (coefficient= 1.066) compared to the low-risk group. The high-risk group were more likely to fear cancer
recurrence (coefficient= 0.477) than the low-risk group. The high-risk group was also slightly
more likely to engage in demanding activities (coefficient= 0.243) compared to the low-risk
group. The full descriptive statistics of the psychosocial variables are displayed in Table 3.

Discussion
This study initially aimed to analyze the associations between the medical and
sociodemographic variables with diet and physical activity patterns among adolescent cancer
survivors. Gender was significantly correlated with both diet and physical activity lifestyle
choices. Most of the boys did not eat low-fat foods or exercise to lose weight or keep from
gaining weight. Similar patterns were seen in girls, but there were significantly more girls who
ate low calorie or low-fat foods and exercised to lose weight or keep from gaining weight. These
findings align with previous research that suggests that females are more likely to restrict their
diet because of societal pressures to be slim opposed to the pressures males face (Grzymisławska
et al., 2020; Khor, Cobiac, & Skrzypiec, 2002). Another study found that females had healthier
diets, while males ate higher fat and higher caloric meals (Leblanc et al., 2015). Girls had more
friends that ate low-fat diets compared to boys, which has also been suggested in previous
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research that females are more health-conscious and therefore eat lower-fat diets (Stroske et al.,
2021). However, in this study, we do not know the gender make up of their close friends.
We also demonstrated that girls tended to exercise alone, while boys in our sample
preferred to work out with others. This finding has not been well-studied, but research has shown
that there is a role of social support in engaging in physical activity. The role of family has been
seen to impact lifelong behaviors of physical activity, while friends help create positive
experiences in these activities (Laird et al., 2016). Level of social support in physical activity
may vary with the type of physical activity, which may influence why more females workout
alone and why males are more likely to work out with others (Edwardson & Gorely, 2010; Laird
et al., 2016). Future research should focus on gender differences and preference in physical
activity.
The World Cancer Research Fund (WCR), the American Institute for Cancer (AIC), and
the American Cancer Society (ACS) supply the most comprehensive guidelines and
recommendations for diet and physical activity in cancer survivors to reduce the risk of obesity,
chronic conditions, and secondary or recurring cancers. These guidelines are not specific to
childhood or adolescent cancer survivors. Childhood and adolescent cancer survivors are at
increased risk for these chronic conditions because of the harsh effects of cancer and treatment
on their developing bodies (Stroske et al., 2021). Radiation, surgery, and chemotherapy can
drastically impact eating behaviors, activity level, and weight. Cancer patients usually will lose
weight during treatment if it is not a hormone-based cancer because of the side effects of these
treatments, such as nausea, vomiting, and malnutrition (Salamon, 2015). The participants who
received radiation therapy were more likely to be satisfied with their weight and not eat lower
caloric or lower fat foods or exercise to lose weight or keep from gaining weight. The
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participants who reported having surgery and/or late effects indicated that they are about the
right weight, some were slightly overweight. The WCR and AIC (2020) guidelines for weight
recommend that survivors keep their weight on the lower side of the healthy range and try and
not gain weight throughout their lives. It is important for these survivors to remain at a normal,
healthy weight to reduce the risk of obesity and the chronic conditions associated with obesity,
like diabetes and heart disease. The survivors in our study that received radiation were also more
likely to eat a medium-fat diet compared to those who did not receive radiation therapy.
Although many participants ate medium-fat diets, there were still some participants who reported
eating high-fat diets. Similar findings were found in those who had surgery, they were eating
salad mostly one to three times a week or not at all in the past week and those with lasting effects
were mainly only eating fruit one to three times a week. Along with this, a significant proportion
of the participants were not meeting recommended servings of fruits and vegetables, which is
five servings of fruits and vegetables daily according to the WCR/AIC. Previous research has
also concluded that childhood cancer survivors were not meeting the recommended servings of
fruits and vegetables daily (Zhang et al., 2015). A major factor contributing to this is that there
are no guidelines specific for childhood cancer survivors or specific to type of cancer or
treatment (Zhang et al., 2015).
Our participants also drank milk at least once a week and were more likely to drink 100%
fruit juice fewer times in a week. Dairy products have been linked to reduce the onset of certain
cancers, but also increase the risk for others, so there are no recommendations for milk intake for
cancer survivors (Rock et al., 2020). The WCR/AIC recommend limiting consumption of juices
with added sweeteners or sugars that are naturally present in honey or syrups and the ACS
recommends that added sugars and saturated fats should be less than 10% of daily caloric intake.
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The guidelines recommend limited consumption of starchy vegetables, like potatoes and mainly
these participants only ate potatoes one to three times a week. The main consideration from this
understanding of diet patterns is that survivors are not eating enough fruits and vegetables and
that diet guidelines for young cancer survivors need to be further studied to help survivors better
understand their specific nutritional needs. Most of the participants have no best friends or close
friends that eat low-fat diets. This is reflective of obesity rates in both children and adolescents
which have doubled in children and tripled in adolescents over the last three decades (Sanyaolu
et al., 2019). Access to high-fat foods, like junk food and fast food have become increasingly
convenient and cost-effective, possibly contributing to these statistics. Over half of the
participants ate junk food or fast food when they were with others, and this was especially
significant for those who rated their health as ‘excellent’, ‘very good’, and ‘good’. Previous
research found that there is a relationship between peer influence and eating behaviors, where the
amount the peer eats reflects how much the participant eats (Salvy et al., 2007). Peer influence
may affect not only how much the participants eat, but also the type of food, which in this case is
higher-fat foods. Adolescent cancer survivors are at increased risk for obesity-related diseases
compared to their peers, so it is important that they limit their high-fat food consumption even if
those around them are eating that way. This may be challenging for some if they want to feel like
a normal teenager, which is why dietary guidelines that are specific to this age group and their
type of cancer are necessary for these adolescents to make informed dietary choices.
The adolescent cancer survivors in our study who had surgery and/or radiation were less
likely to tone or strengthen their muscles. This might reveal the possible debilitating effects of
radiation and surgery on the body making it harder for these adolescents to lift weights or other
strength-training exercises that put a lot of pressure on the body, especially if they are in pain or

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

32

fatigued (Antwi et al., 2019). An association between lasting effects and best friends who
regularly exercise was found, but most of the participants had best friends that regularly exercise
as well. Many of the participants vigorously exercised at least once a week, but according to
Rock and colleagues (2020), adolescents should be getting at least an hour of vigorous physical
activity a day. A significant proportion of our survivors did not regularly partake in moderate or
strength-training physical activities as well. Previous research has also demonstrated that
survivors of childhood cancer are not meeting guidelines for physical activity and that they are
partaking in these active behaviors less frequently than non-cancer peers (Stolley et al., 2010).
The finding that these participants mostly do not have close friends that eat low-fat diets, but that
they regularly exercise may be a novel finding specific to this age group. A possible reason for
this is that adolescent cancer survivors may have physical complications from their childhood
cancer that prevents them from being active regularly, compared to their age-matched peers
(Quinn et al., 2015; Stroske et al., 2021).

Diet and physical activity clusters
Two classes emerged for each diet and physical activity, a low-risk group and a high-risk
group. The high-risk groups indicated less nutritional intake and less physical activity, while the
low-risk groups indicated more nutritional intake and more physical activity. The low-risk
groups represent those at less risk for chronic conditions related to sedentary behavior and a less
nutritious diet and those that are in the high-risk groups are at greater risk for these chronic
conditions. The general population is at risk of obesity-related chronic diseases, but childhood
and adolescent cancer survivors are at increased risk for these conditions and secondary or
recurring cancers (Armstrong et al., 2009; Casillas et al., 2015; Talvensaari et al., 1996). The
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LCA demonstrates that a 2-class model for each health behavior illustrated the behaviors of these
adolescents better than clustering these health behaviors together. The results are still indictive
that there are patterns of healthier diet and physical activity behaviors compared to unhealthy
patterns of these health behaviors. There are possible reasons why this disparity exists, but the
knowledge from these clusters can help formulate future research and intervention practices in
this population. Some of these survivors have late effects and symptoms from cancer and
treatment, which may contribute to their lack of physical activity. Social and environmental
factors can also be contributing to this, patterns of behaviors of family and friends may model
patterns of behavior for the individuals (Laird et al., 2016; Raber et al., 2016; Wakefield et al.,
2011). Health knowledge and awareness of health behavior guidelines may also support these
results because cancer survivors may not always receive the informational resources they need to
lead healthy lives.

Psychosocial variables
The high-risk group for physical activity and the low-risk group for diet were more
fearful of a cancer recurrence. As well, those in the diet low-risk group perceived a greater risk
for a second malignancy compared to the high-risk group. Previous research has also indicated
mixed results in that those with higher FCR and cancer worry were twice as likely to smoke and
go for cancer screenings and those with any level of FCR reported having healthier habits since
their cancer diagnosis (Bowen et al., 2004; Reed et al., 2020). Séguin Leclair et al. (2021)
demonstrated that the more health behaviors survivors had, the more health self-efficacy and
lower FCR they had, specifically greater levels of PA and fruit and vegetable intake. These
researchers only analyzed fruit and vegetable intake, so analysis of other food groups may be a
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reason for these incongruent findings. Although diet and physical activity usually are cooccurring behaviors, there may be unique situations where they might not be. Adolescent cancer
survivors may have increased pain and poorer physical functioning, preventing them from being
active. Survivors in pain tend to have a poorer perception of their health, possibly leading to
them having greater fear of recurring or secondary cancers (Young-Speirs et al., 2021). The diet
low-risk group may have greater health knowledge and therefore understand their increased risk
of recurring or secondary cancers and therefore eat a more nutritious diet. There is limited data
on understanding diet patterns in this population, but the factors that may influence physical
activity are not necessarily related to one’s diet, like pain or fatigue. This may be a possible
reason for the difference in these two groups, but future research should aim to understand the
role of diet in FCR further. It is unclear what the directionality of this relationship is, if FCR is
promoting unhealthier behaviors or if these unhealthy behaviors are contributing to FCR.
Perceived risk was a significant association for both the diet and physical activity
clusters, specifically the risk of a second malignancy, cardiac issues, pulmonary problems, and
fertility complications. The PA high-risk group and the diet high-risk group perceived a greater
risk for cardiac problems. Adolescent cancer survivors are seven times more likely to die from
CVD than the general population, which may play a role in why these high-risk groups perceive
greater risk for cardiac problems if they are not active and do not have a healthy diet (Armstrong
et al., 2009). Those who exercise regularly and eat a nutritious diet may have greater awareness
and understanding of the benefits from these behaviors and therefore perceive less risk for
cardiac problems. On the other hand, those in the high-risk groups may not know about health
behaviors that can significantly reduce their risk of heart problems and therefore perceive greater
risk. Highly distressed survivors have been shown to exercise significantly less than those who
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are less distressed (Stroske et al., 2021). As well, cancer survivors who are more active have a
more positive perception of their health (Young-Speirs et al., 2021). The PA low-risk group
perceived a greater risk for both pulmonary and fertility problems. These findings may reflect
cancer and treatment type, as those with lung-related cancers may perceive a greater risk of that
specific cancer returning. Fertility problems are common among survivors because of
reproductive system surgeries and the effects of chemo and radiation therapies on the
reproductive systems. It is unclear why the PA low-risk group perceived a greater risk for
pulmonary issues, but not cardiac problems compared to the high-risk group. Future research
should identify the relationship between physical activity and diet and perception of specific
risks further to better understand the factors that are mediating this relationship, like cancer type,
treatment type, and health knowledge.
In this population of adolescent cancer survivors, coping strategies did not seem to be
strongly associated with the diet and PA clusters. There were slight relationships between the
diet high-risk group and investing in close friends and the PA high-risk group and engaging in
demanding activities. Adolescents are at a stage where they are gaining independence and
creating closer relationships with friends and moving further away from family. Cancer survivors
have many ways in which they can cope with their experience, especially for those that were
diagnosed with cancer at a young age. Age, gender, distress level, and support systems have been
shown to have a relationship with coping strategies, but future research should focus on the
relationship between coping strategies and health behaviors to determine how they can influence
one another (Sira et al., 2020; Turner-Sack et al., 2012; Wenninger et al., 2013).
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Implications
This study identified patterns of diet and PA in adolescent cancer survivors and found
relationships with gender, having had radiation, surgery, and the presence of late effects. As
well, the clustering of diet and physical activity behaviors established patterns of low-risk and
high-risk for chronic conditions. These clusters also were found to be strongly associated with
levels of FCR and perceived risk. There is limited data on diet and PA in adolescent cancer
survivors, especially the factors that influence these health behaviors. This study adds to the
literature by demonstrating the benefit of clustering patterns of both diet and PA to better
understand which survivors are at greater risk for developing cancer-related diseases and
recurring or secondary cancers. Diet and physical activity in the general population have been
linked to reduce the risk of obesity and obesity-related diseases, like CVD, diabetes, high-blood
pressure, and early mortality. Adolescent cancer survivors are at greater risk for these outcomes,
increasing the importance of understanding patterns of diet and PA that can help combat the
onset of these conditions. The identification of two risk groups and the increased FCR and
perceived risk of certain risk groups emphasize that proper health knowledge needs to be
distributed to these survivors of childhood cancer. Survivors should be made aware of the
increased risk they are at for comorbid conditions and ways in which they can stay healthy for as
long as possible. Diet and physical activity recommendations should be given to these survivors
and their families. Children and adolescents are influenced by the people around them, especially
the people they live with. Interventions to increase knowledge on proper engagement of health
behaviors and interventions that demonstrate how to increase nutritious food intake and physical
activity would be beneficial for this population.
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Limitations
There are a few limitations worth noting from this study. One of the limitations is the
sample size (n=128) and homogenous demographic makeup. A bigger sample size would have
yielded possibly a greater difference in the high-risk and low-risk groups for diet and potentially
could have allowed for diet and physical activity to be clustered together. Most of the
participants were white, future research should include participants of several cultural
backgrounds to create more generalizable results. Another limitation is the questions from the
diet questionnaire. Although these questions helped us understand specific food intake, there
were not enough questions about various foods and drinks like whole grains and soda. There is
limited data on diet in this population, so this study provides a more comprehensive
understanding of diet patterns, but future research should aim at including more food groups.
There are a few limitations from this study, but the findings can help perpetuate further
understanding of diet and PA patterns in adolescent cancer survivors and how these behaviors
affect survivors psychosocially.

Conclusion
It is evident from this study that adolescent cancer survivors are not meeting the
recommended dietary intake for fruits and vegetables. Participants mostly had friends that do not
eat low-fat diets, but most of them regularly exercise, which may potentially influence the health
behaviors of these cancer survivors. The low-risk and high-risks groups revealed a difference in
diet and PA behaviors in this population of adolescent cancer survivors. The similarity of fear of
recurrence in the PA high-risk group and the diet low-risk group, as well as the higher perceived
risk of a second malignancy in the diet low-risk group indicates that there are factors
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contributing to this disparity. These factors may include the debilitating effects of cancer and
treatment on the body or the knowledge of one’s health and the recommended health behaviors
for young cancer survivors. Both high-risk groups had higher perceived risk of cardiac problems
possibly concluding that these participants know that they are at increased risk for cardiacrelated diseases, but are unaware of the steps they can take to reduce the risk of cardiac-related
diseases. The finding of risk groups and how those behaviors play a role in the adolescents’
perspectives of FCR and perceived risk suggest the importance of increasing the health
knowledge of these young cancer survivors and tailoring diet and PA recommendations to this
specific age group. The more childhood and adolescent cancer survivors are aware of their risks
of comorbid conditions and the ways in which they can reduce this risk will propel these
survivors to live longer fuller lives.
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Table 1
Sociodemographic and Medical Variables
Age at enrollment

M
16.93

n

%

14
15
16
17
18
19
20
21

20
12
23
21
25
9
17
1

15.6
9.4
18.0
16.4
19.5
7.0
13.3
0.8

Female
Male

67
61

52.3
47.7

Asian
Black
Other
White

6
7
10
104

4.7
5.5
7.9
81.9

No
Yes

3
120

2.5
97.6

ALL
AML
Appendix cancer
Chronic Myelogenous
Leukemia

9
2
3

7.4
1.6
2.5

1

0.8

Gender

Race

Health insurance

Self-report disease
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CNS tumor medulloblastoma
CNS tumor pineoblastoma
Desmoplastic round cell
Ewing’s Sarcoma
Germ cell
Hodgkin's disease
Nasopharyngeal carcinoma
Neuroblastoma
Non-Hodgkin’s lymphoma
NRSTS sarcoma
Ovarian tumor (not germ cell)
Retinoblastoma
Rhabdomyosarcoma
Testicular (not germ cell)
Thyroid papillary carcinoma
Other
CNS cancer, NOS
Leukemia, NOS
Lymphoma, NOS
Sarcoma, NOS

5
2
1
12
6
15
3
4
4
1
3
1
3
2
9
8
1
3
1
9

4.1
1.6
0.8
9.8
4.9
12.3
2.5
3.3
3.3
0.8
2.5
0.8
2.5
1.6
7.4
6.6
0.8
2.5
0.8
7.4

No
Yes

29
97

23.0
77.0

No
Yes

63
62

50.4
49.6

Self-report chemotherapy

Self-report radiation
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Body radiation
Abdomen, pelvis
Arm, thigh
Back, spine, neck
Brain/head
Chest
Lungs
Thyroid
Total body
Total lymphoid

10
2
24
19
15
2
2
4
1

12.7
2.5
30.4
24.1
19.0
2.5
2.5
5.1
1.3

No
Yes

5
123

3.9
96.1

Abdomen
Back/shoulder/arm/hand
Brain/head
Breast/chest
Hip
Heart
Lungs
Legs, knees, feet
Neck
Other
Pelvis

12
20
17
14
6
1
24
11
16
46
2

7.1
11.8
10.1
8.3
3.6
0.6
14.2
6.5
9.5
27.2
1.2

Amputation
Arthritis
Asthma/breathing problems

3
2
5

2.1
1.4
3.5

Self-report surgery

Surgery location

Lasting physical effects
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Blood-related effects
Bone-related effects
Chronic pain
Dizziness
Endocrine problems
Eye/ear problems
Fatigue
Foot/knee/leg/hip problems
Growth/physical development hindered
Joint pain/endoprosthesis
Limited use of body/arm/shoulder
Migraines/headaches
Painful scar tissue
Pancreas problems
Reproductive problems
Scars
Spasms/twitches
Weakness
None

2
1
3
2
4
11
1
21
2
2
3
2
2
1
4
13
2
2
56

1.4
0.7
2.1
1.4
2.8
7.6
0.7
14.6
1.4
1.4
2.1
1.4
1.4
0.6
2.8
9.0
1.4
1.4
38.9

Excellent
Very good
Good
Fair
Poor

38
58
27
5
0

29.7
45.3
21.1
3.9
0.00

Less than one year ago
1-2 years ago
3-4 years ago

100
11
7

80.6
8.9
5.6

Rate current health status

Last physical exam when not sick
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5 or more years ago
Never

5
1

4.0
0.8

No
Yes

109
19

85.2
14.8

No
Yes

50
66

43.1
56.9

After treatment
Before diagnosis
Before and after treatment
During treatment
During and after treatment
Unsure of time frame

29
3
1
20
4
2

49.2
5.1
1.7
33.9
6.8
3.4

Less than one month
One month to one year
More than one year
Unspecified

10
28
5
16

16.9
47.5
8.5
27.1

60-99 pounds
100-119 pounds
120-139 pounds
140-159 pounds
160-199 pounds
200+ pounds

10
29
31
16
27
11

8.1
23.4
25.00
12.9
21.8
8.9

Ever been to survivors' clinic

Ever received mental health care

When

How Long

Weight
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Table 2
Diet and PA Descriptives
Juice

n

%

I did not drink 100% fruit juice during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day
3 times per day
4 or more times per day

24
42
17
25
8
6
6

18.8
32.8
13.3
19.5
6.3
4.7
4.7

I did not eat fruit during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day
3 times per day
4 or more times per day

13
46
20
26
13
6
2

10.3
36.5
15.9
20.6
10.3
4.8
1.6

I did not eat green salad during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day
3 times per day
4 or more times per day

26
58
19
20
2
1
1

20.5
45.7
15.0
15.7
1.6
0.8
0.8

Fruit

Salad
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Potatoes
I did not eat potatoes during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day

36
76
14
1
1

28.1
59.4
10.9
0.8
0.8

I did not eat carrots during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day

52
60
10
6

40.6
46.9
7.8
4.7

I did not eat other vegetables during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day
3 times per day

20
34
30
32
9
3

15.6
26.6
23.4
25.0
7.0
2.3

I did not drink milk during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day
3 times per day
4 or more times per day

19
36
20
20
15
13
5

14.8
28.1
15.6
15.6
11.7
10.2
3.9

high fat
medium fat

13
88

10.6
71.5

Carrots

Other vegetables

Milk

Typical diet
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low fat

22

17.9

Very underweight
Slightly underweight
About the right weight
Slightly overweight
Very overweight

2
17
72
28
9

1.6
13.3
56.3
21.9
7.0

Mainly when you are with people
Mainly when you are alone
Eat the same when you are with people and alone

57
8
42

53.3
7.5
39.3

Mother
Father
Grandmother
Grandfather
Brother
Sister

53
29
9
4
14
17

42.1
23.0
7.1
3.2
11.1
13.5

No
Yes

111
15

88.1
11.9

No
Yes

69
56

55.2
44.8

one
two
three

16
15
10

12.8
12.0
0.08

Describe weight

In the past 30 days, do you eat junk food or fast food:

Who in family eats a low-fat diet

If yes, do they live in your house

Do any of your friends eat a low-fat diet

How many
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four or more
none

16
68

12.8
54.4

1 to 3
4 to 6
7 to 10
None

44
6
5
66

36.4
5.0
4.1
54.5

No
Yes

98
23

81.0
19.0

0
1
2
3
4
5
6
7

21
10
13
20
17
19
5
20

16.8
8.0
10.4
16.0
13.6
15.2
4.0
16.0

0
1
2
3
4
5
6
7

31
12
20
9
8
6
7
33

24.6
9.5
15.9
7.1
6.3
4.8
5.6
26.1

How many of your 10 closest friends eat a low-fat
diet

Does your best friend eat a low-fat diet

At least 20-minute vigorous PA

At least 30-minute moderate PA
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Strength-training PA
0
1
2
3
4
5
6
7

44
13
12
20
12
4
4
15

35.5
10.5
9.7
16.1
9.7
3.2
3.2
12.1

I do not watch tv on an average school day
less than 1 hour per day
1 hour per day
2 hours per day
3 hours per day
4 hours per day
5 or more hours per day

12
14
36
23
21
9
11

9.5
11.1
28.6
18.3
16.7
7.1
8.7

I do not spend time on the internet on an average school day
less than 1 hour per day
1 hour per day
2 hours per day
3 hours per day
4 hours per day
5 or more hours per day

12
19
33
31
15
8
7

9.6
15.2
26.4
24.8
12.0
6.4
5.6

How many hours do you watch tv/day

How many hours do you spend on the internet/day
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How many hours do you play videogames/day
I do not play videogames on an average school day
less than 1 hour per day
1 hour per day
2 hours per day
3 hours per day
4 hours per day
5 or more hours per day

77
23
17
6
2
1
1

60.6
18.1
13.4
4.7
1.6
0.8
0.8

0
1
2
3
4
5
6

68
26
11
14
2
1
2

54.8
21.0
8.9
11.3
1.6
0.8
1.6

No, I usually exercise less
No, I usually exercise more
Yes

7
26
93

5.6
20.6
73.8

Mainly when you are with people
Mainly when you are alone
Exercise as often with people as with alone

48
43
21

42.9
38.4
18.8

Mother
Father
Grandmother
Grandfather

44
47
3
2

27.3
29.2
1.9
1.2

Number of sports teams in past year

Was this a typical week for you in terms of PA

In the past 30 days, did you exercise:

Who in your family regularly exercises
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Brother
Sister

36
29

22.4
18.0

No
Yes

15
146

9.3
90.7

1 to 3
4 to 6
7 to 10
None

31
29
47
11

26.3
24.6
39.8
9.3

No
Yes

33
89

27.0
73.0

If yes, do they live in your house

# of 10 closest friends that regularly exercise

Does your best friend regularly exercise
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Table 3
Psychosocial Variables

n

%

ACOPE scores
Ventilating feelings
8 to 14
15 to 17
18 to 20
21 to 23
24 to 26

5
19
54
41
9

3.9
14.8
42.2
32.0
7.0

8 to 14
15 to 17
18 to 20
21 to 23
24 to 26
27 to 29
30 to 32
33 to 37

6
14
29
31
26
14
4
4

4.7
10.9
22.7
24.2
20.3
10.9
3.1
3.1

1
11 to 13
14 to 16
17 to 19
20 to 22

1
6
15
41
40

0.8
4.7
11.7
32.00
31.3

Seeking diversions

Developing self-reliance and optimism
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23 to 25
26 to 29

14
11

10.9
8.6

7 to 10
11 to 14
15 to 18
19 to 22
23 to 26
27 to 30

4
16
43
39
20
6

3.1
12.5
33.6
30.5
15.6
4.7

8 to 10
11 to 13
14 to 16
17 to 19
20 to 22
23 to 25
26 to 28
29 to 30

9
15
24
31
27
14
6
2

7.0
11.7
18.8
24.2
21.1
10.9
4.7
1.6

3 to 10
11 to 13
14 to 16
17 to 19
20 to 22
23 to 25

2
2
4
23
69
28

1.6
1.6
3.1
18.00
53.9
21.9

3 to 5
6 to 8
9 to 11

64
42
17

50.0
32.8
13.3

Developing social support

Solving family problems

Avoiding problems

Seeking spiritual support
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12 to 14

5

3.9

1 to 3
4 to 6
7 to 9
10

7
68
36
17

5.5
53.1
28.1
13.3

1 to 3
4 to 6
7 to 10

86
39
3

67.2
30.5
2.3

4 to 6
7 to 9
10 to 12
13 to 15
16 to 18
19 to 20

10
17
51
34
13
3

7.8
13.3
39.8
26.6
10.2
2.3

2 to 4
5 to 7
8 to 10

12
49
67

9.4
38.3
52.3

6 to 8
9 to 11
12 to 14
15 to 17
18 to 20

7
24
73
22
2

5.5
18.8
57.0
17.2
1.6

Investing in close friends

Seeking professional support

Engaging in demanding activity

Being humorous

Relaxing
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ACOPE total sum
Under 120
120 to 140
141 to 160
161 to 180
181 to 200
201 to 220
221 to 240

1
15
27
54
25
4
2

0.8
11.7
21.1
42.2
19.5
3.1
1.6

0 to 3
4 to 7
8 to 11
12 to 15
16 to 19
20 to 23
24 to 27
28 to 32
33 to 35

29
20
26
19
9
11
4
6
2

23.0
15.9
20.6
15.1
7.1
8.7
3.1
4.8
1.6

0 to 3
4 to 7
8 to 11
12 to 15
16 to 19
20 to 23
24 to 27
28 to 32
33 to 35

42
29
25
11
12
2
2
1
2

33.3
23.0
19.8
8.7
9.5
1.6
1.6
0.8
1.6

IES-R scores
Avoidance

Intrusion
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Total score
0 to 10
11 to 20
21 to 30
31 to 40
41 to 50
51 to 60

38
35
28
15
8
2

30.2
27.8
22.2
11.9
6.3
1.6

40 and under
41 to 50
51 to 60
61 to 70
71 to 80
81 to 90
91 to 100

2
7
19
31
44
20
3

1.6
5.6
15.1
24.6
34.9
15.9
2.4

1.0 to 2.0
2.01 to 3.0
3.01 to 4.0
4.01 to 5.0

2
39
81
4

1.6
31.0
64.3
3.1

No
Yes

23
95

19.5
80.5

No
Yes

48
71

40.3
59.7

FRQ
FRQ total

FRQ mean score

Perceived risk
At risk second malignancy

At risk cardiac
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At risk fertility
No
Yes

41
78

34.5
65.5

No
Yes

38
80

32.2
67.8

At risk pulmonary
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Table 4
Latent Class Analysis

Probability of
High-risk

class membership
Low-risk

Juice
I did not drink 100% fruit juice during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day
3 times per day
4 or more times per day

0.343
0.223
0.133
0.092
0.028
0.023
0.159

0.120
0.356
0.120
0.259
0.084
0.062
0.000

I did not eat fruit during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day
3 times per day
4 or more times per day

0.167
0.599
0.064
0.043
0.065
0.035
0.026

0.069
0.280
0.211
0.257
0.127
0.056
0.0000

I did not eat green salad during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day
3 times per day
4 or more times per day

0.415
0.336
0.075
0.093
0.030
0.026
0.026

0.076
0.533
0.183
0.198
0.011
0.000
0.000

Fruit

Salad
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Potatoes
I did not eat potatoes during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day

0.637
0.288
0.074
0.000
0.000

0.119
0.735
0.123
0.012
0.012

I did not eat carrots during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day

0.495
0.311
0.195
0.000

0.352
0.544
0.032
0.072

I did not et other vegetables during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day
3 times per day

0.502
0.368
0.039
0.000
0.064
0.026

0.000
0.205
0.343
0.361
0.067
0.024

I did not drink milk during the past 7 days
1 to 3 times during the past 7 days
4 to 6 times during the past 7 days
1 time per day
2 times per day
3 times per day
4 or more times per day

0.285
0.265
0.141
0.098
0.074
0.099
0.037

0.087
0.288
0.164
0.184
0.135
0.111
0.031

high fat
medium fat

0.186
0.624

0.072
0.750

Carrots

Other vegetables

Milk

Typical diet
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low fat

0.191

0.178

Very underweight
Slightly underweight
About the right weight
Slightly overweight
Very overweight

0.000
0.146
0.609
0.167
0.077

0.012
0.126
0.540
0.249
0.073

0
1
2
3
4
5
6
7

0.283
0.128
0.099
0.210
0.131
0.099
0.016
0.034

0.000
0.000
0.000
0.086
0.160
0.227
0.080
0.364

0
1
2
3
4
5
6
7

0.284
0.156
0.155
0.052
0.029
0.070
0.030
0.224

0.185
0.021
0.146
0.090
0.122
0.021
0.080
0.334

0
1

0.581
0.168

0.000
0.024

Describe weight

At least 20 minutes of vigorous PA

At least 30 minutes of moderate PA

Strength-training PA
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2
3
4
5
6
7

60
0.073
0.120
0.000
0.000
0.026
0.033

0.142
0.239
0.227
0.083
0.045
0.241

I do not watch tv on an average school day
less than 1 hour per day
1 hour per day
2 hours per day
3 hours per day
4 hours per day
5 or more hours per day

0.102
0.132
0.214
0.220
0.145
0.084
0.103

0.078
0.076
0.370
0.134
0.223
0.043
0.077

Did not spend time on the internet on average school
day
less than 1 hour per day
1 hour per day
2 hours per day
3 hours per day
4 hours per day
5 or more hours per day

0.140
0.164
0.294
0.239
0.063
0.000
0.099

0.024
0.132
0.253
0.291
0.156
0.145
0.000

I do not play videogames on an average school day
less than 1 hour per day
1 hour per day
2 hours per day

0.554
0.159
0.198
0.047

0.701
0.222
0.000
0.056

How many hours do you watch tv/day

How many hours on the internet/day

How many hours playing
videogames/day
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3 hours per day
4 hours per day
5 or more hours per day

61
0.014
0.014
0.014

0.020
0.000
0.000

0.669
0.193
0.078
0.061
0.000
0.000
0.000

0.347
0.255
0.114
0.180
0.041
0.021
0.041

# of sports teams in last year
0
1
2
3
4
5
6

61

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

62

References

Antwi, G. O., Jayawardene, W., Lohrmann, D. K., & Mueller, E. L. (2019). Physical activity and
fitness among pediatric cancer survivors: A meta-analysis of observational studies.
Supportive Care in Cancer, 27(9), 3183–3194. https://doi.org/10.1007/s00520-01904788-z
Armstrong, G. T., Liu, Q., Yasui, Y., Neglia, J. P., Leisenring, W., Robison, L. L., & Mertens, A.
C. (2009). Late mortality among 5-Year survivors of childhood cancer: A summary from
the childhood cancer survivor study. Journal of Clinical Oncology, 27(14), 2328–2338.
https://doi.org/10.1200/JCO.2008.21.1425
Badr, H., Chandra, J., Paxton, R. J., Ater, J. L., Urbauer, D., Cruz, C. S., & Demark-Wahnefried,
W. (2013). Health related quality of life, lifestyle behaviors, and intervention preferences
of survivors of childhood cancer. Journal of Cancer Survivorship: Research and
Practice, 7(4), 10.1007/s11764-013-0289–3. https://doi.org/10.1007/s11764-013-0289-3
Belpame, N., Kars, M. C., Deslypere, E., Rober, P., Van Hecke, A., & Verhaeghe, S. (2021).
Coping strategies of adolescent and young adult survivors of childhood cancer: A
qualitative study. Cancer Nursing, 44(6), E395.
https://doi.org/10.1097/NCC.0000000000000865
Berry, N. M., Miller, M. D., Woodman, R. J., Coveney, J., Dollman, J., Mackenzie, C. R., &
Koczwara, B. (2014). Differences in chronic conditions and lifestyle behaviour between
people with a history of cancer and matched controls. Medical Journal of Australia,
201(2), 96–100. https://doi.org/10.5694/mja13.10701
Bowen, D. J., Alfano, C. M., McGregor, B. A., & Andersen, M. R. (2004). The relationship
between perceived risk, affect, and health behaviors. Cancer Detection and Prevention, 9.
62

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

63

Cancer in Children and Adolescents—National Cancer Institute (nciglobal,ncienterprise). (2021,
November 10). [CgvArticle]. https://www.cancer.gov/types/childhood-cancers/childadolescent-cancers-fact-sheet.
Carretier, J., Boyle, H., Duval, S., Philip, T., Laurence, V., Stark, D. P., Berger, C., MarecBérard, P., & Fervers, B. (2016). A review of health behaviors in childhood and
adolescent cancer survivors: Toward prevention of second primary cancer. Journal of
Adolescent and Young Adult Oncology, 5(2), 78–90.
https://doi.org/10.1089/jayao.2015.0035
Casillas, J., Oeffinger, K. C., Hudson, M. M., Greenberg, M. L., Yeazel, M. W., Ness, K. K.,
Henderson, T. O., Robison, L. L., Armstrong, G. T., Liu, Q., Leisenring, W., Yasui, Y.,
& Nathan, P. C. (2015). Identifying predictors of longitudinal decline in the level of
medical care received by adult survivors of childhood cancer: A report from the
childhood cancer survivor study. Health Services Research, 50(4), 1021–1042.
https://doi.org/10.1111/1475-6773.12282
Clinton, S. K., Giovannucci, E. L., & Hursting, S. D. (2020). The World Cancer Research
Fund/American Institute for Cancer Research third expert report on diet, nutrition,
physical activity, and cancer: Impact and future directions. The Journal of Nutrition,
150(4), 663–671. https://doi.org/10.1093/jn/nxz268
Cortés-Ibáñez, F. O., Jaramillo-Calle, D. A., Vinke, P. C., Byambasukh, O., Corpeleijn, E.,
Sijtsma, A., Eulenburg, C., Vonk, J. M., & de Bock, G. H. (2020). Comparison of health
behaviours between cancer survivors and the general population: A cross-sectional
analysis of the Lifelines cohort. Journal of Cancer Survivorship, 14(3), 377–385.
https://doi.org/10.1007/s11764-020-00854-2

63

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

64

Dahlstrand, J., Friberg, P., Fridolfsson, J., Börjesson, M., Arvidsson, D., Ekblom, Ö., & Chen, Y.
(2021). The use of coping strategies “shift-persist” mediates associations between
physical activity and mental health problems in adolescents: A cross-sectional study.
BMC Public Health, 21, 1104. https://doi.org/10.1186/s12889-021-11158-0
Edwardson C. L., Gorely T. (2010). Activity-related parenting practices and children's
objectively measured physical activity. Pediatr Exerc Sci, 22(1),105-13. doi:
10.1123/pes.22.1.105.
Gibson, T. M., Li, C., Armstrong, G. T., Srivastava, D. K., Leisenring, W. M., Mertens, A.,
Brinkman, T. M., Diller, L., Nathan, P. C., Hudson, M. M., & Robison, L. L. (2018).
Perceptions of future health and cancer risk in adult survivors of childhood cancer: A
report from the Childhood Cancer Survivor Study. Cancer, 124(16), 3436–3444.
https://doi.org/10.1002/cncr.31397
Grzymisławska, M., Puch, E., Zawada, A., & Grzymisławski, M. (2020). Do nutritional
behaviors depend on biological sex and cultural gender? Advances in Clinical and
Experimental Medicine, 29(1), 165–172. https://doi.org/10.17219/acem/111817
Hales, C. M. (2017). Prevalence of Obesity Among Adults and Youth: United States, 2015–2016.
288, 8.
Halfon, N., & Hochstein, M. (2002). Life course health development: An integrated framework
for developing health, policy, and research. The Milbank Quarterly, 80(3), 433–479.
https://doi.org/10.1111/1468-0009.00019
Harel, O., Chung, H., & Miglioretti, D. (2013). Latent class regression: Inference and estimation
with two-stage multiple imputation. Biometrical Journal, 55(4), 541–553.
https://doi.org/10.1002/bimj.201200020

64

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

65

Jääskeläinen, A., Nevanperä, N., Remes, J., Rahkonen, F., Järvelin, M.-R., & Laitinen, J. (2014).
Stress-related eating, obesity and associated behavioural traits in adolescents: A
prospective population-based cohort study. BMC Public Health, 14, 321.
https://doi.org/10.1186/1471-2458-14-321
Katzman, B., & John, R. (2018). Adolescent Cancer Survivors: A literature review of
psychological effects following remission. Clinical Journal of Oncology Nursing, 22(5),
507–515. https://doi.org/10.1188/18.CJON.507-515
Kazak, A. E., DeRosa, B. W., Schwartz, L. A., Hobbie, W., Carlson, C., Ittenbach, R. F., Mao, J.
J., & Ginsberg, J. P. (2010). Psychological outcomes and health beliefs in adolescent and
young adult survivors of childhood cancer and controls. Journal of Clinical Oncology,
28(12), 2002–2007. https://doi.org/10.1200/JCO.2009.25.9564
Kazmierski, K. F. M., Borelli, J. L., & Rao, U. (2022). Negative affect, childhood adversity, and
adolescent’s eating following stress. Appetite, 168, 105766.
https://doi.org/10.1016/j.appet.2021.105766
Key Statistics for Childhood Cancers. (n.d.). Retrieved April 5, 2022, from
https://www.cancer.org/cancer/cancer-in-children/key-statistics.html
Khor, G. L., Cobiac, L., & Skrzypiec, G. (2002). Gender differences in eating behavior and
social self concept among Malaysian university students. Malaysian Journal of Nutrition,
8, 75–98.
Laird, Y., Fawkner, S., Kelly, P., McNamee, L., & Niven, A. (2016). The role of social support
on physical activity behaviour in adolescent girls: A systematic review and meta-analysis.
International Journal of Behavioral Nutrition and Physical Activity, 13(1), 79.
https://doi.org/10.1186/s12966-016-0405-7

65

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

66

Leblanc, V., Bégin, C., Corneau, L., Dodin, S., & Lemieux, S. (2015). Gender differences in
dietary intakes: What is the contribution of motivational variables? Journal of Human
Nutrition and Dietetics, 28(1), 37–46. https://doi.org/10.1111/jhn.12213
Lee, E. Y., & Yoon, K.-H. (2018). Epidemic obesity in children and adolescents: Risk factors
and prevention. Frontiers of Medicine, 12(6), 658–666. https://doi.org/10.1007/s11684018-0640-1
Loef, M., & Walach, H. (2012). The combined effects of healthy lifestyle behaviors on all cause
mortality: A systematic review and meta-analysis. Preventive Medicine, 55(3), 163–170.
https://doi.org/10.1016/j.ypmed.2012.06.017
Loewen, O. K., Maximova, K., Ekwaru, J. P., Faught, E. L., Asbridge, M., Ohinmaa, A., &
Veugelers, P. J. (2019). Lifestyle behavior and mental health in early adolescence.
Pediatrics, 143(5), e20183307. https://doi.org/10.1542/peds.2018-3307
Maureen Salamon. (2015). 8 tips for managing weight during and after cancer treatment.
Memorial Sloan Kettering Cancer Center.
McDade, T. W., Chyu, L., Duncan, G. J., Hoyt, L. T., Doane, L. D., & Adam, E. K. (2011).
Adolescents’ expectations for the future predict health behaviors in early adulthood.
Social Science & Medicine (1982), 73(3), 391–398.
https://doi.org/10.1016/j.socscimed.2011.06.005
Morton, L. M., Onel, K., Curtis, R. E., Hungate, E. A., & Armstrong, G. T. (2014). The rising
incidence of second cancers: Patterns of occurrence and identification of risk factors for
children and adults. American Society of Clinical Oncology Educational Book, 34, e57–
e67. https://doi.org/10.14694/EdBook_AM.2014.34.e57

66

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

67

Mozaffarian, D., Afshin, A., Benowitz, N. L., Bittner, V., Daniels, S. R., Franch, H. A., Jacobs,
D. R., Kraus, W. E., Kris-Etherton, P. M., Krummel, D. A., Popkin, B. M., Whitsel, L. P.,
& Zakai, N. A. (2012). AHA scientific statement population approaches to improve diet,
physical activity, and smoking habits A scientific statement from the American Heart
Association. Circulation, 126(12), 10.1161/CIR.0b013e318260a20b.
https://doi.org/10.1161/CIR.0b013e318260a20b
Murnane, A., Kiss, N., Fraser, S. F., & Lewin, J. (2021). Health-related quality of life, fatigue
and health behaviours in Australian adolescent and young adult cancer survivors.
Pediatric Blood & Cancer, 68(10), e29243. https://doi.org/10.1002/pbc.29243
Mystakidou, K., Tsilika, E., Parpa, E., Galanos, A., & Vlahos, L. (2007). Psychometric
properties of the impact of event scale in Greek cancer patients. Journal of Pain and
Symptom Management, 33(4), 454–461.
https://doi.org/10.1016/j.jpainsymman.2006.09.023
O’Neil, A., Quirk, S. E., Housden, S., Brennan, S. L., Williams, L. J., Pasco, J. A., Berk, M., &
Jacka, F. N. (2014). Relationship between diet and mental health in children and
adolescents: A systematic review. American Journal of Public Health, 104(10), e31–e42.
https://doi.org/10.2105/AJPH.2014.302110
Patterson, J. M., & McCubbin, H. I. (1987). Adolescent coping style and behaviors:
Conceptualization and measurement. Journal of Adolescence, 10(2), 163–186.
https://doi.org/10.1016/S0140-1971(87)80086-6
Pinto, S., Fresneau, B. C., Hounsossou, H. C., Mayet, A., Marchi, J., Pein, F., Journy, N. M. Y.,
Mansouri, I., Drubay, D., Letort, V., Lemler, S., Demoor-Goldschmidt, C., Jackson, A.,
Souchard, V., Vu-Bezin, G., Diallo, I., Rubino, C., Oberlin, O., Haddy, N., … Allodji, S.

67

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

68

R. (2020). Identifying clusters of health risk behaviors and their predictors in adult
survivors of childhood cancer: A report from the French Childhood Cancer Survivor
Study. Psycho-Oncology, 29(10), 1595–1603. https://doi.org/10.1002/pon.5470
Prochaska, J. O. (2008). Multiple health behavior research represents the future of preventive
medicine, Preventive Medicine, 46(3), 281-285.
https://doi.org/10.1016/j.ypmed.2008.01.015.
Quinn, G. P., Gonçalves, V., Sehovic, I., Bowman, M. L., & Reed, D. R. (2015). Quality of life
in adolescent and young adult cancer patients: A systematic review of the literature.
Patient Related Outcome Measures, 6, 19–51. https://doi.org/10.2147/PROM.S51658
Raber, M., Swartz, M. C., Santa Maria, D., O’Connor, T., Baranowski, T., Li, R., & Chandra, J.
(2016). Parental involvement in exercise and diet interventions for childhood cancer
survivors: A systematic review. Pediatric Research, 80(3), 338–346.
https://doi.org/10.1038/pr.2016.84
Rebholz, C. E., Rueegg, C. S., Michel, G., Ammann, R. A., von der Weid, N. X., Kuehni, C. E.,
& Spycher, B. D. (2012). Clustering of health behaviours in adult survivors of childhood
cancer and the general population. British Journal of Cancer, 107(2), 234–242.
https://doi.org/10.1038/bjc.2012.250
Reed, S. C., Bell, J. F., Miglioretti, D. L., Nekhlyudov, L., Fairman, N., & Joseph, J. G. (2020).
Relationships between fear of cancer recurrence and lifestyle factors among cancer
survivors. Journal of Cancer Education, 35(4), 669–677. https://doi.org/10.1007/s13187019-01509-2

68

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

69

Robison, L. L., & Hudson, M. M. (2014). Survivors of childhood/adolescent cancer: Life-long
risks and responsibilities. Nature Reviews. Cancer, 14(1), 61–70.
https://doi.org/10.1038/nrc3634
Rock, C. L., Thomson, C. A., Sullivan, K. R., Howe, C. L., Kushi, L. H., Caan, B. J., Neuhouser,
M. L., Bandera, E. V., Wang, Y., Robien, K., Basen-Engquist, K. M., Brown, J. C.,
Courneya, K. S., Crane, T. E., Garcia, D. O., Grant, B. L., Hamilton, K. K., Hartman, S.
J., Kenfield, S. A., … McCullough, M. L. (2020). American Cancer Society nutrition and
physical activity guideline for cancer survivors. CA: A Cancer Journal for Clinicians.
https://doi.org/10.3322/caac.21719
Rougeaux, E., Hope, S., Viner, R. M., Deighton, J., Law, C., & Pearce, A. (2020). Is mental
health competence in childhood associated with health risk behaviors in adolescence?
Findings from the UK millennium cohort study. The Journal of Adolescent Health, 67(5),
677–684. https://doi.org/10.1016/j.jadohealth.2020.04.023
Salvy, S.-J., Romero, N., Paluch, R., & Epstein, L. H. (2007). Peer influence on pre-adolescent
girls’ snack intake: Effects of weight status. Appetite, 49(1), 177–182.
https://doi.org/10.1016/j.appet.2007.01.011
Sanyaolu, A., Okorie, C., Qi, X., Locke, J., & Rehman, S. (2019). Childhood and adolescent
obesity in the United States: A public health concern. Global Pediatric Health, 6,
2333794X19891305. https://doi.org/10.1177/2333794X19891305
Schnoll, R. A., & Harlow, L. L. (2001). Using disease-related and demographic variables to form
cancer-distress risk groups. Journal of Behavioral Medicine, 24(1), 57–74.
https://doi.org/10.1023/A:1005686404723

69

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

70

Séguin Leclair, C., Lebel, S., & Westmaas, J. L. (2021). Can physical activity and healthy diet
help long-term cancer survivors manage their fear of recurrence? Frontiers in
Psychology, 12, 647432. https://doi.org/10.3389/fpsyg.2021.647432
Sira, N., Lamson, A., & Foster, C. L. (2020). Relational and spiritual coping among emerging
and young adult cancer survivors. Journal of Holistic Nursing, 38(1), 52–67.
https://doi.org/10.1177/0898010119874983
Stolley, M. R., Restrepo, J., & Sharp, L. K. (2010). Diet and physical activity in childhood
cancer survivors: A review of the literature. Annals of Behavioral Medicine: A
Publication of the Society of Behavioral Medicine, 39(3), 232–249.
https://doi.org/10.1007/s12160-010-9192-6
Stroske, I., Geue, K., Friedrich, M., Sender, A., Schmidt, R., Richter, D., & Leuteritz, K. (2021).
Health behavior and associated factors in young adult cancer patients. Frontiers in
Psychology, 12, 697096. https://doi.org/10.3389/fpsyg.2021.697096
Susman, E. J., & Rogol, A. (2004). Puberty and psychological development. In R. M. Lerner &
L. Steinberg (Eds.), Handbook of adolescent psychology. 15–44. John Wiley & Sons Inc.
Talvensaari, K. K., Lanning, M., Tapanainen, P., Knip, M. (1996). Long-term survivors of
childhood cancer have an increased risk of manifesting the metabolic syndrome. The
Journal of Clinical Endocrinology & Metabolism Oxford Academic. https://academicoup-com.proxy.wexler.hunter.cuny.edu/jcem/article/81/8/3051/2875693
Turner-Sack, A. M., Menna, R., & Setchell, S. R. (2012). Posttraumatic growth, coping
strategies, and psychological distress in adolescent survivors of cancer. Journal of
Pediatric Oncology Nursing, 29(2), 70–79. https://doi.org/10.1177/1043454212439472

70

DIET AND PA IN ADOLESCENT CANCER SURVIVORS

71

Wakefield, C. E., McLoone, J. K., Butow, P., Lenthen, K., & Cohn, R. J. (2011). Parental
adjustment to the completion of their child’s cancer treatment. Pediatric Blood & Cancer,
56(4), 524–531. https://doi.org/10.1002/pbc.22725
Wenninger, K., Helmes, A., Bengel, J., Lauten, M., Völkel, S., & Niemeyer, C. M. (2013).
Coping in long-term survivors of childhood cancer: Relations to psychological distress.
Psycho-Oncology, 22(4), 854–861. https://doi.org/10.1002/pon.3073
Willard, V. W., Klosky, J. L., Li, C., Srivastava, D. K., Brinkman, T. M., Robison, L. L.,
Hudson, M. M., & Phipps, S. (2017). The impact of childhood cancer: Perceptions of
adult survivors. Cancer, 123(9), 1625–1634. https://doi.org/10.1002/cncr.30514
Young-Speirs, M., Forbes, C., Patton, M., Russell, K. B., Stokoe, M., Reynolds, K., & Schulte,
F. (2021). Perceived health among adolescent and young adult survivors of childhood
cancer. Current Oncology, 28(1), 825–836. https://doi.org/10.3390/curroncol28010080
Zhang, F. F., Kelly, M. J., & Must, A. (2017). Early nutrition and physical activity interventions
in childhood cancer survivors. Current Obesity Reports, 6(2), 168–177.
https://doi.org/10.1007/s13679-017-0260-0
Zhang, F. F., Saltzman, E., Kelly, M. J., Liu, S., Must, A., Parsons, S. K., & Roberts, S. B.
(2015). Comparison of childhood cancer survivors’ nutritional intake with US dietary
guidelines. Pediatric Blood & Cancer, 62(8), 1461–1467.
https://doi.org/10.1002/pbc.25521

71

